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ABSTRACT 


Background  radioactivity  and  oceanographic  conditions  in 
the  Pacific  Proving  Ground  are  of  significance;  in  evaluating 
the  contaminating  effects  of  REDWING  events,  in  the  understand¬ 
ing  of  the  fallout  problem  at  sea  and  extrapolation  to  land 
fallout  patterns-  Thus,  as  a  part  of  Project  2-62,  a  month¬ 
long  studjf  has  been  made  of  radioactivity  in  vrater,  organisms, 
and  bottom  sediments,  and  of  currents  and  physical  character  oi 
the  v;ater  over  a  1^0,000  square  mile  area  around  Bikini  Atoll* 
Tlie  waters  are  slightly  radioactive,  with  values  oi  1?0  to 
1500  gamma  counts  per  minute  per  liter  (cpm/1),  wh.ereas  the 
natural  radioactive  background,  due  to  potassium-vO,  is  about 
9^-  cpm/i.^  A  field  of  maximum  activity  (800  to  1500  cpm/1) 
exists  at  SOO  to  1200  meters  depth  at  locations  to  the  west  of 
Bikini  Atoll,  within  150  miles  of  it,  and  between  lOp  and 
13-^0  Radioactivity  is  associated  with  particulate  matter 
(possibly  organic)  at  the  surface  only;  at  all  other-  depths  it 
is  mostly  in  solution,.  Organisms  collected  from  the  upper-  la3;'- 
ers  and  deep  sea  fauna  captured  in  a  trawl  as  deep  as  2500 
meters  depth  are  about  equally  radioactive;  the  level  of  acti¬ 
vity  in  these  mar ins  creatures  is  about  30  to  50  times  as  much 
per  unit  weight  as  that  in  equivalent  weight  of  v;at.er*.  Lagoon 
waters  and  surface  waters  in  the  open  sea  around  the  lagoons 
are  slightljr  more  radioactive  than  other  areas  (liOO  to  2100 
cpm/1) • 


Ail  values  of  radioactivity  given  in  this  report  s-re  gamma 
rays  emitted  pet-  minute  i 
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The  highest  s«ee«?t  of  radioacti^^ity  in  the  area  studied 
Is  on  the  ocean^^fioor  in  the  region  of  CASTLE  falSoiit„  The 
top  of  one  deep  sea  core  taken.  10  miles  northwest  o£  Bikini 
lagoon  tested  29 » 500  cpia/gr^??;  sediment  from  the  north-west  end 
of  the  lagoon  emitted  4-5jOOO  cpm/g«  Presumably  both  v;ere  from 
BRAVO  event  at  CASTLE.  Elsewhere  in  the  lagoon,  the  bottom 
sediment  generally  ersitted  from  IJOO  to  4000  opm/g  compared 
with  a  usual  1000  to  3000  cpm/g  in  the  fallout  area  outside 
the  lagoon* 

Sampling  of  bottom  ii'v''ing  organisms  outside  the  lagoon  is, 
so  far,  unsuccessful Bottom  dvrelling  organisms  in  Ailinginas 
and  Bikini  Lagoons  (particularly  the  latter)  vjsre  quite  radio¬ 
active.  Other  lagoons  xfere  not  studied.  The  rEoll'ases  displayed 
the  highest  activity  and.  this  v/as  outstandingly  concentrated 
in  the  livers  and  kidneys  (^2^/OOQ  to  Sh-, 000  gamma  cpm,/g). 

In  the  open  sea  area,  meas'areraents  of  currents  yerified 
the  geners;!  circulation  obtained:  at  CROSSROADS  and  by  Japanese 
cruises,  but  more  explicit  information  was  obtained.  Meander- 
iiigs  and  eddies  dominate  the  flow  in  the  latitude  of  Bikini; 
the  main  flov-  vrestward  is  located  at  the  north  side  of  the  PPG. 

,4  large,  count erclockwise«“revol%''ing  eddy  at  Bikini  is  found  down 
to  depths  of  at  least  pOO  meters.  The  current  at  the  surface 
attains  0.6  to  0.7  knot  speed  and  averages  0,3  to  0.4-  knot: 
thence  it  decreases  to  a  maximum  of  0.3  knot  and  average  of 
0.15  knot  at  500  meters  depth. 

The  t?alckness  of  the  v;ind  stirred  layer  above  the  thermocHne 
v;here  temperature  decreases  rapidly,  varies  fr-om  4-0  meters  near- 

Bikini  to  170  meters  in  the  norfhv’estern  part  of  the  a.vea.  ■  The 
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current  essentially  stops  immediately,  but  the  deep  fiov;  con- 
tinues  for  some  time* 

It  is  calculated  that  when  the  east  northeast  trades  are 
prevailing,  water  in  the  lagoon  is  completely  exchanged  bn  the 
average  every  ^  days*  At  times  of  light  southerly  or  south¬ 
easterly  winds  an  estimated  60  to  100  d&ys  are  required*.  No 
conditions  were  observed  during  the  field  \'fork  in  v/h:lch  very- 
rapid  flushing  of  the  lagoon  occurred* 
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1,.  IKTf:CDIJCTICM 

The  purposes  of  studying  the  radioactivity  back« 

ground  and  oceanographic  conditions  of  the  Pacific  Pz’cving 

Ground  are : 

(1)  To  evaluate  effects  of  RED'ilKQ  events  on  the 
radioactivity  content  in  vateiu  marine  organisms 5  and  botton 
sediments® 

(2)  To  facilitate  accurate  reconstruction  of  the 
equivalent  land  f allcut  pattern  from  measurements  by  ships  and 
aircraft  and  enable  IwtiiTe  fallout  surveys  to  be  rasde  with 
less  effort, 

(3)  To  understand  the  fallout  problem  at  saa..;  per 

, se,  and  to  provide  oceanographic:,  assistance  to  the  Task  Force.. 

Previous  oceanographic  data  in  the  PPG  are  primarily  from 
collections  made  during  the  r,>erlod  March  to  August.,  19^-65,  in 
connection  vzith  CKOSS/ICADS  a:\d  from  Japanese  hydrographic 
investigations  curing  2933“lS’Mto  These  are  mostly  measure-"' 
ments  of  density  send  thermal  structure  and  of  some  chemical 
constituents,.  Although  the  crita  are  many,  they  az'e  nef  tl-er 
closely  spaced  nor  synoptic.^  The  Japanese  made  several  cross--- 
ings  in  the  area  vzitn  a  re:se<‘rch  vessel  during  June  to 

procure  information  in  suppor''  of  a  claim  of  damage  to  their 
tuna  fishery. 

In  analysing  the  CASTLE  ;''ailout  results  j  the  need  x«;as 
evident  for  more  explicit  data  on  currents,  rates  of  verticaj; 
penetration  and  norisontal  mizrLng  to  properly  irite?sp:':'et-  fallout 
measurements  in  th-s  open  sear.  -• 


StuGi.es  ot  tnese  phj^sieal  aspects.,  as  iv’eli  as  irieasiir©'" 
ments  of  the  background  of  radioaetlvD-ty.  were  concl'actscl 
aboard  the  Scripps  vessel  HORIZGH  during  5  April  ~  5 

May  19%  in  a  rectangular  area  reaching  100  miles  to  the  souths 
200  miles  to  the  -west  and  north,  and  250  miles  to  the  east  of 
Bikini  Atoll  (Pig,  1A)«2  Particular  attention  vies  given  to 
background  radioactivity  and  currents  near  Bikini  and  the  most 
probable  fallo'at  areas  (Pig.  IB),  background  in  and  rate  of 
eflux  of  -water  from  Bikini  Lagoon,  and  fallout  particles  on 
the  deep  ocean  bottom  from  the  CASTLE  events.  Background 
radioactivity  was  studied  in  Ailinginae  Lagoon, 

As  used  in  this  report,  radioactivity  background  is  the 
total  amount  drae  to  the  eombination  of  naturally  occurring 
racioactive  elemeii'cs  and  the  radioactivity  remciining  from 
previous  nuclear  v/eapons  tests. 

This  report  was  prepared  in  the  field  during  and  iinmedi-- 
auexy  follovxing  the  data  collections  ^  it  is  for  use  Program 
2  specie ically  and  the  Task  Force  in  general.  Wind  produced 
waves  and  tides  have  been  eirciuded  from  the  discussion  because 
such  information  is  being  provided  by  the  Ho.,  JlF-SEfElv" 

OceariOgranher , 


All  figures  arc  at  the  end  of 


the  report. 
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2. 


RADIOACTIVITY  BACKGROUND  IE  THE  OPEN  SEA  A!® 
LAGOONS  OF  THE  PACIFIC  PROVING  GROUNDS  AREA 

DeCourcey  I'iartin,  Jr,  and  Robert  L,.  Wisner 


The  M,  V,  HORIZON  is  equipped  with  a  small  radiochemical 
laboratory,  radiation  detection  and  assay  equipment,  and 
sampling  de\dces«  Assay  of  the  radioactive  contamination 
in  the  Pacific  Proving  Gro’and  Area  was  done  in  conjunction 
with  the  preliminary  oceanographic  studies* 

A  study  was  made  of  the  radioactivity  of  the  vraters  in 
the  open  ocean*  Samples  of  the  lagoons  and  ocean  floor  v/ere 
obtained  with  a  coring  device  and  dredge*  Plankton  samples 
vjere  taken  in  the  open  ocean  and  phytoplankton  and  colioiSal 
matter  were  filtered  from  lagoon  waters..  Other  marine  organ¬ 
isms  were  obtained  by  trawling,  line  fishing  and  skln-^diving 
Several  samples  vrere  taken  of  the  air  over  the  sea  surface, 
2,1  ASSAY  EQUIPMEI'rr- 

The  samples  v^ere  measured  for  both  beta,  ana  gamma  radi¬ 
ation,  Those  samples  v/hicii  vrere  sufficiently  active  were 
analysed  to  determine  the  isotopes  producing  the  rEdiat>,on 
by  means  of  gamma  ray./ differential  pulse  height  analysis.. 

The  samples  were  obtained,  identified,  and  prepared  for' 
counting. 

An.  end~vd.ndow  Geiger-i''fo.iler  tube,  with  a  iulea  i-dnaow  of 
1,4  rp.g/cm^  thickness,  v;as  used  to  count  the  beta' p-v. 'tides 
The  c Glinting  tube  v.ras  shielded  by  two  inches  of  lead  to 
reduce  the  background  of  cosmic  and  external  instrument 
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radiation  to  2^  opm«  The  sample  planchet  xfas  mounted  in  a 
plastic  and  alminum  shield  to  reduce  scattering  and 
bremsstrahliang . 

Gamma  radiation  was  detected  and  counted  vjith  a  lead  shield¬ 
ed  RCA  5819  photomultiplier  tube  and  a  inch  diameter  sodi'om 
iodiD^  scintillation  crjstal*  Both  beta  and  gamma  counters 
were  connected  to  a  decade  scaler *  Gamma  energy  spectrim 
studies  were  made  vdth  a  well  tj'pe  scintillation  counters  single 
channel  pulse  height  analyzer  5  and  a  decade  sca3.er<i 
2.2  SAMPLE  PREPARATION  AJJD  COUNTING 

The  samples  to  be  counted  for  radioactivity  vers  weighed  ^ 
dossicated,  dried  at  llO^^C,,  in  some  cases  ashed.,,  and  counted 
on  aluminum  planchets^  The  s€lf~ab.sorption  variation  due  to 
differences  in  mas.s  and  density  of  the  various  types  of  samples 
caused  some  difficulty  in  comparing  their  absolute  beta  activi~ 
ties  4  Since  gamma  rays  are  not  significantly  affected  by  self 
absorption  in  samples  of  these  thicknesses,  gamma  radiation  is 
used  in  this  report  as  an  Indication  of  the  amount  of  radio- 
actix^e  elements  present.  The  ratio  of  gemma  rays  to  beta  part¬ 
icles  has  not  been  accurately  determined  but  appears  to  be 
roughly  i  to  i. 

The  activity  of  the  samples  was  compared  vrith  the  activliy 
of  calibrated  standard  sources.  The  instrument  background  was 
subtracted  and  the  counts  corrected  to  agree  \flth  the  standard 
source 0  The  values  are  reported  as  gamma  rays  emitted  per 
minute  per-  unit  mass  volume  of  sample  abbz*er‘iated ,  cpm/g  or 
cpm/i,  IPne  probable  error  in  each  coun.ting  rate  v/as  difficult 
to  maintain -at  a  constant  level*  In  the  "case  of  the  vrater  and 


plankton  observations  where  the  conntirig  rate  vjas  very  small* 
the  probable  error  was  usually  greater  than  8^5  often  as  much 
as  50%  and  occasionally  over  100^# 

2.3  RADIOACTIVITY  IN  OCEAN  WATER 

Samples  of  sea  v/ater  taken  at  various  depths  at  ten  of 
the  hydrographic  stations  were  used  in  this  study «.  A  150  ml., 
volume  of  the  water  from  each  sample  was  evaporated  to  dry¬ 
ness  and  the  resulting  salt  assayed  for  radioactit»it3%  Table 
1~A  shows  the  gamma  radioactivity,  corrected  to  1  liter,  at 
each  station.  The  salinity  values  are  listed  only  for  station 
29«  (Locations  of  stations  are  shown  in  Figures  lA,  IB«) 


There  appears  to  be  no  detectable  relationship  be tv/een  the 


variations  in  activity  with  the 


slight  variation  that  exists 


in  salinity. 

Surface  samples  of  the  water  at  several  stations  were 
filtered  through  a  0.5  micron  mlilipore  filter  in  order  to 
determine  if  activity  were  present  in  the  upper  layers  as 
dissolved  substances  or  as  particulate  matter  greater  than 
0«5  micron  diameter.  Most  of  the  activity  was  found  to  be  in 
the  dissolved  phase.  For  example,  at  station  14-,  at  0  meters, 
the  vrater  emitted  45  cmp/i50  ml .5  or  600  cpn2/2  liters.  The 
suspended  particulate  and,  colloidal  matter  in  the  2  liters  was 
89  cpm,  or  15^*  For  subsurface  water  at  station  27,  the  total 
activity  in  6  liters  of  water  taken  as  a  vertical  column  from 
depths  between  50  and  1500  meters  was  2050  cpm/6  liters,  vjhlle 
the  particulate  matter  was  only  20.2  cpm/6  liters,  or  1^.  If 
the  surface  particulate  matter  is  largely  composed  of  living 
organisms,  then  the  radioactivity  vrf.thin  dead  organisms  set¬ 
tling  downward  must  rapidly  become  dissolved. 
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TABLE  1-A  . 

RADIOACTITIT?  OF  PPO  Om\‘  SEA  AREA  V/ATSRS 


^Gaffime  Rp-va  Emitted  per  Minute  per  Liter  (o.m/1)  of  Sea  Water. 


!  Stations 

Annros  Deotb 

6 

7 

■8 

I  12 

I  u. 

25 

27 

28 

29 

in  msters 

1 

IjllHI 

1 

[ 

Surface  0 

413 

474 

267 

210 

293 

300 

340 

60 

ISO 

460 

34  0^ 

50 

260 

-45 

350  J 
^01 

280 

i 

iso 

34=58 

100 

435 

130 

110 

120 

60 

120 

35.01 

125 

^0 

35-25 

150  ; 

i 

340 

470 

35=12 

200  i 

340 

210 

300 

400 

j 

^  0 

410  ; 

34o56 

250 

250 

^  Q 

350  i 

34c43 

300 

374  ! 

!  34«41 

400 

90 

390 

230 

390 

410 

1  34.60 

500 

340 

350 

314 

^0 

1  34=56 

600 

490 

340 

34  o9 

600 

855 

740 

fe'*. 

220 

470 

500 

S33 

34o5S 

1,000 

li^80 

870 

460 

90 

650 

370 

520 

34=59 

1»200 

1240 

410 

'1 

390 

34o6o 

1 ,400 

335 

580 

120 

1 

90 

535 

435 

!  400 

520 

34=43 

2,000 

280 

580 

120 

I 

3,000 

mmam 

314 

300 

! 

4,000 

1 

330 

1  1 

1 

[  , 

35^0 

4300 

0 

0 

4200 

3200  1 

5100 

4300 

340c 

4800 

1  XiUf.O 

TABLE  1-B 


RABIOACTIYITY  OF  LAQOOM  WATERS 

Station _ Depth  _  c.pa/'I  Rrobable  Sri‘or 


Bikini  Atoll,  Enyu  Island 

Surface 

j.  .150 

% 

"  V'  Kamu 

Surface 

1,620 

20 

c7 

/c 

"  b*  Kamv.  *• 

JSiesr  shore,  midpoint 

of  imetor  depth 

2,130 

;15 

or 

/c 

Bikini  Atoll,  Mid-' lagoon 

Surface 

1,290 

23 

/b 

Ailinginae 

Surface 

1,070 

30 

or 

/o 

Eniwatok  Atoll.  Parry  Island 

Surface 

400 

42 

% 

^■Kote:  The  abore  TCiues  have  been  corrected  to  ascouiit  for  a  12S  efficiency 
and  a  ip,%  geometry  of  the  scintillation  counter.  The  average  background  due 
to  noise  and  cosmic  raja's  has  been  subtracted  frcKD  the  I’s ported  values,  "^his 
has  caused  the  negative  and  zero  values,  -be  liatural  .K-40  bacfugrouiid  of 
94  cpm/1  has  not  been  subtracted  and  is  included  in  the  above  f igures. 


-16  - 


The  main  natnrally-occurring  radioisotope  in  t 
potass ium-MD  with  a  half  life  of  1,2x10^  yrs,  which 
remain  constant  throughout  the  ocean*  One  liter  of 
emits  9^  gamma  rays  per  minute c  Any  additional 
radiation  sho\«i  in  Table  1  is  due  to  contamination « 


he  ocsan  is 
should 
sea  v/ater 
gamma 


Throughout  the  PPG  area  the  radioactivity  of  tbs  see 
water  is  fairly  constant  with  the  exception  of  one  layer  of 
v;ater-  between  800  and  1200  meters  found  northwest  of  Bikird. 
Atoll  at  stations  65  7^  85  and  298  This  area  is  on  the  edge  c£ 
a  large  eddy  current  found  around  Bikini,  hereinafter-  referred 
to  as  the  '^Bikini  eddy'V  system  (Figjires  6A-6E).. 
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2.V  RADIOBIOLOGICAL  ASSAJ  OF  BEAR-SURFACE  AND  DEEP  SEA  'FAUM 

In  general,  the  follovrflng  is  based  on  samples  of  ZOO- 
plankton  taken  during  the  Me  ¥«  HOHISON^s  cruise^  Tliese 
samples  v/ere  collected  with  a  standard  one  metex'  diameter 
plankton  net  towing  obliqueij^  from  280  meters  depth  to  the 
surface  in  15  minutes  time  v;hile  the  vessel  proceeded  at  about 
2  knots.  The  net  mesh  is  of  nylon  "Kites:'*  cioth,  60  meshes  to 
the  inchv  Its  cod-end  is  of  the  sam€5  material  ^  90  meshes  pei- 
inch<,  Tine  net  is  designed  to  sample  ail  forms  larger  than 
phytoplanJrtorf  and  crustacean  larvae. 

Samples  v;sre  assayed  for  radioactivity  vrlthout  soirting 
into  like  kinds  of  organisms..  In  most  cases  the  bulk  of  the 
"sample"  was  small  crustaceans.  Lsrge^  individual  animals 
vrere  removed  for  indivildual  essay..  Table  2  lists  th-e  results 
of  the  radiological  assay.  Station  positions  are  given 'In 
Figs  4-  lA,  IBs, 

As  is  shovm.  in  Table  1  the  levels  of  activity  in  the  watei 
are  quite  low  throughout  the  total  area  studied t.  However-;,  it 
is  significant  that  the  greater  activity  is  to  be  foi\nd  ''within 


the  influence 

of  the 

eddy  s}. 

Bikini s  . 

ana  Rongelap 

(TM 

6A  to  6E).. 

vri thin  this  ar 

•ea  the 

supply 

of  radicacti 

Ti'fcy  In 

being  con.stantly  renewed  by  tidal  flov;  from  Bikilnl  and  neighbor 
ing  atolls  to  the  east..  Sw^ept  into  the  eddy  vhiere  it  does  not 
escape  for  some  errtended  period  of  time  crop  after  crop  of  the 
short  lived  nlankton  become  contaminated  <,  As  wdll  be  sho'is?n 


la.ter .  in .  the  report  the  lagoons  of  Bikini  and  Ailinginse  are 
still  niarkedly  cont&niinated  <>  %  stnclies  wore  made  of  other 

etolls» 

Three  samples  of  the  deep-sea  f anna  vfere  obtsJ.necl  in  the 
area,  using  the  10  ft,  Xsaacs-Kidd  Midvrater  Trawl  as  the 
sarapllng  device t  The  depths  sampled  ranged  from  ,730  to  27^0 
meters c  But  only  one  sample,  that  from  the  shailcnfest  depth, 
has  so  far  been  studied  In  detail,-.  The  activity  levels  were, 
in  most  instances j  quite  similar  to  those  of  the  soaplankton 
from  the  upper  water  levels*  Fishes  and  planktonic  forms  from, 
the  remaining  two  depths,,  I3OO  and  25^‘0  meters,  were  ver-y 
similar  in  levels  of  activity  to  those  of  tlie  730  mete?  depth,. 
Therefore,  the  results  from  the  73‘^  meter  depth  onlj'  are'  listei 
Table  3*  Because  the  trawl  continues  to  fish  constsr.'tly:.  during 
the  tvjo  hours  requl, red  for  lowering  and  s^etrieving ,  it  is  hot 
possible  to  state  wtl.th  certainty  at  v/hat  depth  a,ny  individual 
form  was  captured,  Hov/ever,  as  the  trawl  remained  £,t  the  ?30 
meter  level  for  more  than  9  hours  it  is  reasonable  to  assume 
the  majority  of  the  sample  was  taken,  at  that  depth,  . 
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Sample  Item 

Gatmna  CPM 

Per  Item 

Gamma  CPM/Gram 
(v/et  Vfeipht) 

Hatchet  fish  (entire) 

'  iMf 

18 

Angle-month  fish 

37 

3-*8  ■ 

Lantern  fish  (6  yourjig) 

ill 

Shrimp  (Mysidae) 

266 

35«6  ■  ; 

Colonial  Tunicate 

7?*8 

Siphonophore  bracts  • 

3«5 

lO^Q  \ 

Portugese  man-oWar 
(small) 

i»0 

'4* 

Jellyfish  (small) 

166 

83 

Pteropods  (3  small) 

71 

Jelly  fish,  (large) 

lt750 

Octopus  and  squid 

193^ 

■ -2.6 

(combined) 
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At  present  the  aetiid-ty  in  the  lovrer  levels  differs  : 

little  from  that  of  the  tipper*  Tlie  resulting  gamma  activi¬ 
ties  for  the  deep  fishes  are  therefore j  very  similar  to 
those  for  plankton  of  the  upper  layers »  It  should  be  noted 
that  the  foregoing  study  was  made  within  the  influance  of 
the  Bikini  Eddy  System  and  may  be  representative  of  that  area 
oniy„ 

2.5  RADIOACTIVITY  BACKGROUND  OF  THE  OCEAN  FLOOR 

A  series  of  16  samples  of  the  ocean  floor  vjere  taken 
around  Bikini  Atoll.  Tliese  v/ere  obtained  with  a  coring  device 
and  a  bottom  dredge.  They  consisted  of  small  bits  of  coral j, 
basalt,  manganese  nodules 5  coarse  coral  sand  and  fine 
globigerins.  oose  (fossils  of  minute  organisms  of  the  order 
Foraminif era ) .  Portions  of  such  material  were  weighed.;  dried 
at  110®  G.  in  alumirram  pianchets,  and  counted  for  gamma  radio- 
activity.  Several  of  the  cores  were  lost  due  to  the  inability 
of  the  core  barrel  to  penetrate,  and  the  core-catcher  to  re¬ 
tain  the  coarse  sand  found  in  some  of  these  areas.  Of  these, 
only  a  fevr  grains  were  saved  and  were  insufficient  for  accurate 
assay.  The  vrater  trapped  over  the  core  top  was  filtered  and 
evaporated;  for  counting.  The  suspended  sediment  tiiViS  removed 
vras  also  counted  and  was  found  to  be  considerably  more  : active 
than  the  water.  The  top  layer  of  each  core,  and  portions  of 
the  dredge  samples  were  assayed.  The  results  are  shov.^n:  in  . 
Figure  2.  in  which  the  activity  of  the  gamma  rad:-at:lor;,  :per 
gram  of  ocean  floor  surface  is  plotted  at  locations  sampled « 

In  general,  the  most  radioactive  samples  consisted  of  gioblge- 
f-ina  ocse  (Fig.  2. core  0-2,  C-4^  C-lOA).  Ifenganese' nodules 


.v/eighing  from  O.Oj  to  30  gins.y  which  containod  no  loose  isud 
or  sand  on  the  snrfacej  also  shov/ed  considerable  activity 
(C~ij  C-8j,  C-vlO).  SEall  coral  bits  v;ere  only  slightl3*  radio-*- 
actix^e  (C--i,  C-o,  C>*<7;  8-9^  C«-lS:)t  The  most  active  sarjple  con¬ 
sisted  of  fine  sand  and  globigerina  oose  found  at  l4-60  ineters 
depth  at  core  C-lOA,  The  coarser  sand  vjas  found  to  emit 
8^200  cpm/g  vjhoreas  the  ooze  emitted  29?  500  gamma  rays  per  ‘ 
nij-iiii’oe  per  gram*  A  gamBAS,  er*ergy  spectrum  showed  ths  presence 
oi  iA2.nC'-‘65  and  one  otnsr  gaTnTfts*»©tKltting  isotope  which  has  not 
been  Identified.  This  sample  -was  found  in  the  area  w&uere  the 
sea  'water  b.v  1000  nietior-s  showed  a  hiF:b.  peak  of  radioactivity ^ 

A  cross  section  of  eoro  is  illustrated  in  Firure  ^ . 

The  water  tx‘apped  over  thete>p  surface  of  the  core  'was  fllter-ad 
tnrough  a  Oi  5  micron  Hiliipore  filter.  Tiie  suspended  sediment 
chusly  Z'snioveo  as  vrexi  as  the  filtered  we.te-r  i-zas  eouxited.  The 
core  wdixch  consistsd  essentiaHy  of  calcareous  giobigerina 
oose  and  fine  corsAi  sand  was  frcsen  and  £.liced  into  Smm 
sections.  The  outer-  perifphery  of  the  core  v;as  cut  sway  and 
discarded  to  reduce  contamination  which  may  have  been  trans-= 
f erred  from  slice  t6  aiice  by  the  barrel  of  the  core  as  it 
pwiie Ajxa vsd  tiiis  bcT-uom.  Tne  slxces  vj&ns  assa'"sd<  thg- 

results  shovT.  on  the  core  slices  in  Figure  3  .  The  actix-ity 
of  bUs  core  is  higneA^rc-  in  the  top  layer 5.  and  then  decreases 
uo  the  xStRiB  aepth.  where  a  sharp  increase  occurs .  This  peak 
t.-hen  oiEirixsries*  at.-  a  rate  similar  to  the  surfs, ce  peguCo  'At 
uhs  bo'ct-om  of  this  cm  cor©  onlj’’  a  B-.  3  cpm/g  tz-cce  of  ,, 
cio  is  £  o'UD.c!  f-  vniLcri  Cj.os€’XY  vritih 


caieiilated  from  the  eoficen trati on  of  radi'om  in  sediments  as 
given  in  The  Oceans  {Sverdmpj  Johnson;  and  Fiesifig.  19^:-25 
PP  1035) c  A  similar  cor©;  C~2  5  showed  high  surface  actlviltj* 
vjliich  dropped  off  vd.th  depth  but  did  not  exhibit  any  peak  belc^f 
the  surface, 

2o6  RADIOBIOIOQICAL  ASSAY  0?  CERTAIN  FAUNA  0?  BIKINI  ANB 
AILINGINAE  LAGOONS 

woJ-Xections  of  bioxIuscs  ano.  fxsh  from  both,  lagoons  vrsre 
analysed  for  gamma  radiation  activity®  As  was  expected^  con~ 
tanLiiia umort  was  founc  in  the  isikini  specimens.  Also  a  rather 
marked  difference  exists  between  collections  froBi  the  two 

areas,  e.g,;  tne  southeastern  and  northwestern  portions 
of  uhe  lagoon*  host  collecticns  m  the  Istter  area  wsre  made 
at  '’Baker"  (Bokonejeln)  Island*  Table  lists  the  actitrity 
levels  found  for  specimens  from  each  area* 

Of  the  various  specimens  collected,  the  molluscs  proved  to 
be  the  most  radioactive.  The  activity  was  found  to  be  most 
p.ronounced  in  the  liver  which  was  markedly  mere  active  than  ■ 
other  portions  of  the  body  (Table  : 

v:  There  is  ample  indication  that  the  ma^or  portioB  of  the  ' 
activity  presentiy  encountered  in  the  arse,  is  in  the  fotm  of 
par-tlculate  matter  on  the  lagoon  floor;  Fig.  4).  Evidence  in 
support  oi  tnis  is  found,  in  the  giant  clam,,  ge.n.us  Trldacna, 
frequently  called  "Killer"  , clam.,  and  a  large  .snail ^  ta©  lii^er  ' 
and  kidney  of  which  respectively  furnished  the  highest  gamma  ,■ 
counus  of  the  area*  The  principal  radioactive  isotope  in  the 
Tx  idef-cn^  .t.iv©r  was  .xc^uho  vO  do  Axsc  the  li^'er  of  a 
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•! 

Radioactixrity  I.evels  c 

f  Certain  Fauna 

from  Bikini  Lagoon 

~Soiit 

iieastern  kre&-> 

Sample  Item  \ 

Gamma  CPM 

Gamma  CPM/Gx*atii 

per  item 

(Wet  vreigbt)  : 

Tridachna  Clam 

Liver 

Is  510 ,000 

83s900 

Gills  (both  sides) 

6,300 

'790 

1/8  of  stomach 

15;.  200 

i;520 

■ 

1/8  of  mantle 

^s-lOO 

3Aoo 

413  ' 

1/2  adductor  miiscle 

38^!-  ) 

Gastropod  Snail 

Liver 

1;530 

i!:390 

lA  of  foot  muscle 

2,.  550 

850 

Gills  (both  sides) 

39;000 

13.000 

Kidney  (entire) 

66*000 

52^000 

Stomach 

♦  4-00 

^  .5,500 

•f%  dN  llO> 

Operoular  valve 

y  y  y 

Siphon 

120 

Small  Bivalve  Clam 

Entire  body 

11.100 

4A4o 

1/2  of  shell 

i;4co 

'700  ■ 

Poiyehaet®  Worms 

0 

larval  fish 

lv755 

1,750  ^ 

• 

3  tiny  sea  urchins 

4;68S 

2,3‘»o 

Kortriv/e  stern 

Area  of  Bikini 

Lagoon 

Algae 

S.HO0 

X»J>20 

Hermit  crab  (small. ent: 

ire) 19^700 

■  lojopo'.' 

1.760 

Jellyfish  (saiall) 

2^200 

Oov/rie  shell  (empty) 

2;  630 

Red  coral  (dead) 

48.700 

3,745 

Caicarous  seaweed 

ii8(.000 

15,730 

Fish  (Plectrooomus  sr>« 

\ 

Flesh 

4.  ,720 

780  ■■  -  :  '  ' 

Tail  flDj  uns craped 

14:500 

7,250 

Gills  (one  side)* 

3;  210 

i;600  ■  :■  ‘  ' 

1/S  of  epidermis' 

5,900 

,  4;2i0 

1 A  stomach  contents 

8;  100 

2  <r  ^pSO 

1/5  of  v;ertebrae  ■ 

160 j 000 

■  15A00  ,  ■ 

25 

i  '  '  ■ 

bottoK  feeding  fish.  PlectcDomus  sii.  ^  vms  found  to  be  notabij* 
higher  in  garnma  activity  than  the  15.ver  of  the  other  fishes 
studiedy  (Table 

Coring  and  dredging  results  clearly  indicate  the  presence 
of  a  considerable  amount  of  contaminants  on  the  sea  floor  in  an 
arc  extending  northwest  to  northeastward  from  ’  This 

coincides  to  a  large  extent  with  the  CASTLE  fallout  pattern: 
in.  addition  the  Bikini  eddy  may  ha'v’e  permitted  the  vja.ter-  to 
remain  in  approjiiraately  the  same  area  until  the  additional 
settling  of  particulate  matter  occurred. 

Ailinglnae  Atoll,,  so'utheast  of  Bikini,  was  also  found  to 
be  contaminated.  Table  5  lists  the  levels  of  aetivity  for  the 
specimens  collected  there.  Part  of  the  acti'i’lty  may  have  come 
from  outside  vraters  as  it  washed  over  the  reef  and  entered  the 
lagoon.  Roughly,  the  activity  of  organisms  tested  from 
Ailinglnae  Lagoon  was  about  one-half  the  activity  of  those  from 
Bikini.  As  at  Bikini,  the  clams  and  bottom  feeding  organisms 
show  the  greatest  radioactivity,  indicating  the  malor  contami¬ 
nation  to  be  on  the  lagoon  floor. 

2.7  LAG OOIv  WATER  SAii°LES 

k  linrltefi  number  cf  \fa ter  samples  v.'ere  obt.airi€'.'fi  from 
Bikini  and  Ailinglnae  lagoons.  After  evaporation  to  dryness, 
the  salt  of  15?0  milliliters  from  each  station  vras  counted  and 
is  showiir  in  Table  1"-B,  to  emitt  from  1000  to  2000  gamma  rays 
per  minute  per  liter  of  water.  These  values  are  somewhat 
greater  than  the  1^?0  to  IJOO  cpm/l  found  in  the  open  ocean 
surrcur5.ding  the  atolls.  The  water  in  the  v.festcrn  side  of 
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'TABLE  5 


RADIOACTIVITY  LEVELS  OF  CERTAIN  FAUNA 
FROM  AILIRGIKAE  LAGOOR-WESTERR  SECTION 


SasqDle  Item 


TrMagM  Clams 

Liver  of  in.  clam 
Liver  of  8  in.  clam 
^  of  adductor  muscle 
Portion  of  connective  tissue 
Portion  of  mantle 
Liver  of  8  in.  clam  #2 

Bear-°Clav  Clam  (Hippopus) 

Stomach  contents  and  viall 
adductor  muscle 
Liver 

Mullet  viscera  (h  fish) 
Mullet^  V  in.  (in  toto) 
Parrot  fish 

gills  from  right  side 

liver 

kidnej?’ 

testes 

i-  stomach  contents 
Tail  fin,  unscraped 

Snapper 

i  gills 
Liver 

1/5  stomach  and  contents 
1/10  of  vertebrae 
Flesh,  portion  of. 

Spleen 

Gall  bladder 

Kidney 

Tall  fin,  imscraped 
Sample  of  scales 
Portion  of  clam  from 
fisb“s  stomach 


Gamma  cpm 

Gamma  cpm/, 

per  Organ 

(wet  veil 

^>300 

2,200 

57,800 

5,o5t> 

2,690 

900 

355 

20 

55 

10 

36,H4o 

5,200 

155 

4o 

155 

50 

11,380 

3,700 

670 

6,1^40 

755 

270 

9,800 

3,270 

1}  580 

1,050 

1,820 

460 

2,090 

290 

3,600 

1,800 

670 

12,700 

1,060 

2,870 

320 

690 

60 

600 

ko 

220 

2,200 

70 

440 

170 

100 

1,070 

200 

90 

60 

MfO 

70 

27 


One  bottom  sample  vxhich  was  obtained  from  Aiiinglaae  lagoon 
gave  a  count  o?  904  epm/g  which  is  about  one=half  the  activity 
found  in  the  east  end  on  Bikini  lagoon. 

2o9  LAGOOK  PHTTOPLANKTOR  SAMPLES 

Several  phytcplanl^ton  net  hauls  were  taken  in  Bikini  and 
Ailinginae  lagoons  with  a  standard  #20  phytoplankton  net.  The 
amounts  eaptizred  v;ere  very  small.  Ko  identification  of  the  con¬ 
tents  was  attempted  and  no  means  were  available  to  separate 


inorganic  debris  from  living  organisms .  The  diluted  sample  was 
filtered  through  a  millipore  filter,  which  vras  counted  for  gamma 
and  beta  acti\’'lty.  The  samples  from  Ailinginae  showed  a  coujit  of 
21  gamma  cpm  and  26  beta  cpm  for  the  entire  haul,  whereas  a  sample 
taken  from  the  open  ocean  at  station  shovfed  no^  detectable, 

activity.  0ns  very  small  sa.niple  at  the  east  end  of  Bikini  lagoon 
gave  398  cpm  gamma  and  H29  cpm  beta  while  the  greatest  activity 


was  found  in  the  northwest  area  of  Bikini 


v.'ith  8,500  gamma  cpm  in 


a  very  snail  sample . 

2.10  MISCELLAREOUS  SUPJrEX 


Several 


spot  checks  were  mads  on  the  plant  life  from  **NAN" 


(Enru)  in  Bikini  Atcll  and  from  the  western  end  of  Ai2,iaginae 
Atoll.  The  meat  of  three  green  coconuts  from  HAR  avei’agecl  l46 


©pm/g  while  the  milk  from  the  same  nuts  was  184  cpEi/g.  A  ripe 
coconut  obtained  from  Ailinginae  indicated  116  cpm/g.  A  green 
coconut  from  the  same  area  gave  62  epm./g  for  the  meat  s.nd  129  cpm/g 
for  the  milk.  A  kernel  from  the  pandanus  fruit  from  Ailinginae 


emitted  64  ©pm^/g. 
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2.11  AIR  SAMPLING 

Equipment  has  been  set  up  for  collecting  airborne  particu¬ 
late  matter  aboard  the  Horizon.  Ten  liters  of  air  per  minute 
are  drawn  through  a  type  AA  millipore  filter  for  a  period  of 
6o  minutes.  During  the  preliminary  survey,  no  airborne  radio¬ 
activity  was  detected. 
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.OCEAMRAPKIG  COI®ITIOR'S  IK  THE  PPG  OPEK  SEA  AREA 
by  Paul  Le-  Horrer  ' 

3,1  'CURREKTSj  GEATERAL  IKFORMATIOH 

The  dominant  feature  of  oeean  geography  in  the  PPG  is 
the  trade  i^nd  driven y  westerly-flowing  North  Iquatoriai  ■ 
Current,  Transporting  about  2000  times  as  much  water  as  the 
I-iississippi  Rivery  this  ciirrent  is  mostly  contained  vjI thin  the 
upper  350  meters  of  depth.  Its  position  is  farthest  north  in 
summer,  shifts  southward  in  vjlnter  by  several  degrees  of  lati¬ 
tude ,  but  on  the  average  stretches  from  about  8°  K  to  20°  H 
latitude.  Its  niaxiiiram  flow  is  about  1,0  knot  at  the  s'drfacs, 
but  much  of  the  i^ater  within  this  vride,  flat  ribbon  moves  at 
speeds  of  more  nearly  t  knot, 

Direction  of  flow  in  the  North  Equatorial  Current  varies 
due  to  meandering,  like  a  river  in  lowlands,  and  to  formation 
of  great,  revolving,  horisontal  eddies.  One  such  eddy  appears 
in  the  I'iar shall  l5;lands  area,  and  is  believed  due  to  the  vorti- 
city  produced  as  ijater  turns  northward  to  flow  round  the  close- 
ay  grouped  a tolJ.£  to  the  east*  Contaminated  waters  from  fall¬ 
out  that  occurs  vji thin  100  miles  of  Bikini  Atoll  moves  in 
rotarj'  fashion  and  rems.iris  in  the  area  for  an  excerded  length 


of  time 


Both  the  CROSSROADS  and  Japanese  surveys  suggested  a 
narrow  band  (50~7p  rciies  wide^'  of  easterly  flov^ihg  current  s.t 
about  17°  R,  Found  also  at  15*^  ,R  near  Hawaii  on  U,  St  Fish 
ana  V/iid life  cruises,  this  feature  is  probabljr  due  to  a  'narrow 
east-west  band  of  weaker  winds  or  a  marked  horizontal  shear  in 
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the  vjinds  at  that  iatit'ade*  Vlind  data  are  inadequately  detailed 
to  provide  statistical  proof  of  the  existence  of  the  phenomenon*, 
However}  the  Japanese  survejr  in  June  199-^  revealed  an  easterly 
extending  tongue  of  contaminated  water  originating  at  about  17*^ 
K*  At  17^°  E  (500  miles  east  of  Bikini,  or  200-300  miles  east 
of  the  CASTLE  fallout  area)  the  tongue  was  50  to  100  miles  vride 
with  an  activity  of  300  counts  per  minute  per  liter* 

Oil  the  5  April  -•  5  1956  HORIZON  cruise,  surface  cur¬ 

rents  were  determined  at  65  positions  by  using  an  instrument  to 
measure  potential  due  to  the  water  movepjent  through  the  fearth*s 
magnetic  fie3.d  (Fig»  .5)*  Currents  at  subsurface  depths  vjere 
computed  from  the  distj^ibution  of  water  density  measured  at  15 
to  24  depths  at  each  21  locations*  A  total  of  36  drogues 
(freely-drifting,  submerged  sea  anchors  connected  to  a  surface 
float  by  small  v;ire)  vjere  released  at  various  depths  at  7  ' 
locations  and  tracked  to  obtain  direct  measurements  for  cor¬ 
roborating  the  above  data  (departures  of  the  drogues  were  : 
measured  relative  to  an  anchored  buoy)*  The  severa.!  methods 
gave  satisfactory  agreement,  and  all  data  from  them  were  utili¬ 
sed  to  prepare  flow  charts  for  five  levels,  as  discussed  in 
■the  following  section* 

'■  Winds  during  most  of  the  cruise  were  from  the  east-north- 
east  a,  t  speeds  of  16  to  22  knots* 

3,2  CUiffiENTS  AT  VARIOUS  LEVELS 

Surface.  At  the  surface  (Fig*  6A.)  vr&ter  moves  westward 
into  the  area  around  Taongi  Atoll  at  0,2  to  0.3  knot^  then  it 
curves  soutlrwest  until  almost  reaching  the  longitude  of  Bikini 


where  it  again  turns  west  and  passes  north  of  Bikini  and  ' 
Eniwetok  Atolls  at  speeds  of  0*5  to  0*6  Imot*  Another  strea® 
enters  the  southeastern  part  of  the  area  studied  and  moves 
past  Rongerikj  Eongelap,  and  Ailinginae  Atolls  to  forsi  the 
counterclockwise  rotating  vortex  about  Bikini  Atoll*  Other 
smaller,  meandering,  or  rotating  streams  of  water  appear  in  the 
southwest  and  northvyest  parts  of  the  area*  Current  speed  is 
only  0^05  to  0.10  knot  in  the  east  central  part  of  the  area, 
and  it  is  negligible  at  the  centers  of  the  Bikini  eddy  and  the 
meander,  or  eddy,  at  Eniv:etok*  The  total  range  of  speed  is  0»0 
to  0*6  knot;  speed  averages  0*3  to  0*^-  knot  for  the  -v^iole  area 
_  studied* -  ■ 

At  75  Meters  Depth*  Flow  at  75  meters  depth  (Fig*  6B) 
is  very  similar  to  that  at  the  siirf ace  with  speeds  yarying 
from  0*0  to  0*7  knot*  Direction  of  flow  north  of  Bikij-ii  within 
the  eddy  is  more  tov^ard.  the  west-southwest  than  tov/ard  the  west 
as  it  is  at  the  surface*  The  meander,  or  eddy,  at  E^iiwetok  is 
almost  non-e3d. stent  at  this  depth* 

At  150  Meters  Denth*  Tiie  two  main  streams  entering  the 
area  on  the  southeast  and  northeast  corners  meander  more  at 
this  depth  (Fig*  6C)  than  at  levels  above  it*  Magnitude  of 
motion  is  very  similar  to  that  at  75  is® ter s  depth*  The  Bikini 
eddy  is  more  elongated  in  north-south  directions  than  at  shoaler 
levels,  and  it  is  larger,  possibly  due  to  broadening  of  the 
atoll  groups  vrith  depth*  Uo  eddies  or  meanders  exist  near 
Eniwetok*  Because  the  eddy'^like  feature  there  is  rather  super- 
fic5-alj  it  is  probably  temporary* 


33 


total  flow  fnrongh  the  area  (Fig^  6D)*  The  edd^  around  Bihini 
is  still  maintained  vd.th  velocities  nearly  as  great  b.s  at  c^hal- 
lower  levels.  The  other  main  features  of  the  surface  circulation 
are  maintained  but  are  much  less  intense  and  have  dienged  some¬ 
what  In  direction.  In  the  east  and  southeast,  the  circulation 
has  become  v;eak  and  meandering.  Current  speeds  range  from  0.0 
to  0«,!?  knot  \irith  a  general  average  for  the  chart  of  0.2?  linot. 

At  500  Meters  Perth..  Little^,  if  any ^  Itorth  Equatorial 
Current  remains  at  this  depth.  Nearly  ail  flow  is  meridional 
(north-south)  and  speeds  range  from  0..D  to  0.3  knot  vrith  an 
average  of  about  0.15  knot  for  the  whole  area  (Fig.  6E)<,  The 
dominant  feature  is  still  the  Bikini  edcy.  located  in  the  same 
position  ahd  having  similar  orientation  as  at  the  150  ahd  2%>  : 
meters  depths.  Other  apparent  eddies  at  this  depth  are  weak,  ^ 
and  their  existence  may  be  questionable. 

A.t  Deaths  Oreat&r  than  500  Meters,  ii  drogue  at  1000  meter s 
depth  launched  at  ohe  location  revealed  O.03  Imot  current,  A.s 
discussed  earlier  in  the  report,  the  highest  concentration  of 
radioactivity  found  in  vra tens  was  at  800  to  1200  meters  depth  on 
the  periphery  of  the  Bikini  eddy.  Some  rad ioactivit-y  probably 
reached  these  levels  initially  by  dissolving  into  the  water  from 
heavy  particle  fallout  on  the  bottom  areas  that  flank  the  atolls 
and  seamounts 5  especially  Bikini  and  Sylvania,  at  these  depths. 
Some  small  amount  may  have  been  contributed  by  marine  organisms 
dur5.ng  vertical  migrations  and  by  decayed  dead  bodies  end  ■ 
excreta  that  reach  this  leve.la  Vliereas  more  heavily  contaminated 


waters  nearer  the  snrfacej  where  c-iirrents  are' stronger,  ^oiild 
be  swept  out  of  the  area  in  2  years  timej  vjaters  at  these  depths 
would  not  have  been  renewed  because  of  the  feebieness  Of  flow 
there..  Also  the  eddy  may  be  present  at  800  to  1200  meters  vd'th 
water  in  it  moving  at  a  speed; of  only  a  few  hundredths  of  one 
knot  5  it  would  further  delay  exchange  of  water  in  the  area  at 
these  depths e  Some  information  that  suggests  the  presence  of 
the  eddy  in  this  range  of  depth  is  inferred  from  water  mass 
studies 5  discussed  later  in  the  reports 
3.3  temperature  AND  DENSITY  ^  f  ' 

Surface  water  temperatures  in  the  Bikini  area  are  "relativelj 
high  and  uniform.  They  vary  from  25«-?®0  on  the  northwest  side 
of  the  area  studied  to  27.5®C  on  the  soLithv^est  side  (Figy  7) ,  ■ 
The  most  abrupt  Change  is  at  the  26^8  and  27.0^0  Isotherms 
which  mark  the  southern  boundary  of  the-  main  brahcb.  of  ; the  North 
Equatorial  Current  in  the  area.  Surface  v^aters  which  are'  light 
and  vjarm  move  very  slowly  toward  the  north  side  of  the  current*, 
this  produces  a  more  pronounced  change  in  temperature  there,: 

This  crossdrift  is  so  siov;  it  cannot  usually  be  detected  by 
current  measurements 

As  the  surf ace waters  move  across  the  equatorial  current  . 
tov/ard  its  right  hand  bo-ondary  they  become  plied  upp  causing 
v;armer  temperature  to  extend  deeper  than  et  the  south  side 
This  process  is  of  sitfficient  iripcrtance  to  overcome  the  great¬ 
er  solar  radiation  re ceix?-ed  at  the  lower  latitudes  in  springe 
^his  Is  iiiustratea  by  the  average  tempei’eture  in  the  upper 
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250  meters  depth  (Pig-  S)*  Even  thoixgh  surface  waters 'are 
warmer  on  the  south  than  on  the  north  side*  the  average  for 
this  layer  is  i  to  3^0  less  on  the  southc 

Vertical  d3.stribution  of  temperature  is  charactsriseQ  by 
a  shallow^  wind- stirred  layer  usuallj^  %  to  '125  meters  deep  and 
nearly  constant  in  teropcrEtuFe  *  oexovj  t>]i.is  vSie  tempera’LUr'e 
decreases  abruptly  dovm  to  about  25^'  to  300  meters  depth; 
thence  it  decreases  ever  more  slov'ly  to  .ic4^’  C  at  4000  Wters 
depth  (See  example  in  Fig„  9) ^  The  zone  of  rapid  decrease  in 
temperature  is  the  main  th-armocline  j  bei'e  the  density  also  ^ 
increases  rapidly  (Fig»  9)^  In  general*  :  the  th or mo caine  thick¬ 
ens  tov;p/d  the  north  in  the  area  studied.-  In  V/orlvd  '.var-  11,,: 
submarines  found  the  thermo dine  to  be  a  highly  useful  a true-  t 
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ranges  from  to  170  meters.  It  is  least  in  an  area  to  the 
north  of  Bxkini  and  to  the  east  of  Rongelap  Atolls  5  forming  a 
tongue  like  cj-stributlozi.!  The  tongue  coincides  with  the  north 
boundary  of  the  stream  of  water  that  enters  the  area  on  the 
southeast  corner  and  moves  into  the  Bikini  eddy.  Another 
locale  of  shallow  thermocline  depths  exists  in  the  north  cen« 
tral  part  of  the  area  studied  *  Areas  of  deep  thermoclines 
are  foimd  where  via  ter  enters  the  northeast  corner  and  where  it 
leaves  the  northvrest  comer.  A.  band  of  intermediate  depths 
extends  east«»west  across  the  chart  on  the  north  boundary  of 
the  main  branch  of  the  North  Equatoi'ial  Current.  One  stem 
of  this  band  reaches  southwestward  toward  Bikini  Atoll  in  the 
anticipated  fallout  area.  Fallout  that  mixes  to  or  80 
meters  depth  in  this  area  may.,  with  the  v;ater  it  is  in,  be 
squeezed  from  below  into  a  thinner  layer  as  it  moves  v/estward 
in  the  eddy  where  the  top  of  the  thermocline  rises  to  40-60 
meters  depth.  Dissolved  radioactivity  vdil  pr'obabl3^  reach  its 
greatest  depth  in  the  area  as  the  current  carries  it  v/estward 
to  the  longitude  of  Eniwetok. 

3.4  I-illlNG  PROCESSES  AND  STABILITY 

Horizontal  spreading  and  dilution  of  contaminated  water 
2.n  large  areas  of  feilout  from  a  megaton  weapon  is  sccomplished 
not  oiiiji'  by  horizontal  but  also  vertical  variation  in  currents. 
In  some  portxons  01  the  area  the  current  in  the  iowrer  part  of 
the  Ig.yer  above  the  thermocline  differs  from  the  iipner  part  by 
a  few  tens  of  degrees  in  direction  and  by  0.1  to  0.2  knot  in. 
speeo.  A.S  the  two  zones  shear  apart  the  upper  portion  of  the 
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contaminated  via  ter  moves  over  relatively  clean  viater  and  clean 
water  flovis  in  above  the  lov/er  contarninated  portion#  Simultaneous 
ly,  vertical  turbulence  acts  to  homogenize  the  entire  layer  above 
the  thermocline,  thereby  diluting  the  contaminated  water. 

For  fallout  over  a  small  area  from  a  nominal  kiloton  weapon 
the  primary  mixing  process  is  the  latter  effect  discussed  above, 
the  vertical  shear.  Horizontal  shear  in  the  currents  over  a 
small  area  is  generally,  although  not  alviays,  relatively  small* 

The  horizontal  molecular  diffusion  is  also  minor.  Off  the 
California  coast,  measurements  of  horizontal  dispersion  due  to 
both  horizontal  shear  and  diffusion  gave  an  average  rate  of  one 
foot  per  minute  for  areas  up  to  10  miles  across.  In  the  Korth 
Equatorial  Current  region  vihere  current  speeds  are  stronger  than 
off  California,  this  rate  would  probably  be  two  or  three  times 
as  great 5  nevertheless,  the  effect  of  the  process  would  be  of  a 
second  order.  For  both  small  and  large  contaminated  oceanic 
areas  the  rates  of  vertical  mixing  are  essentially  equal. 

Large,  heav?y  particles  in  the  fallout  (e.g.,  coral)  must 
sink  fairly  rapidly  and.  account  for  radioactivity  found  on  the 
deep  ocean  bottom  in  the  PPG.  But  much  of  the  fallout  radio¬ 
activity  is  on  smaller  coral  particles,  or  ash  material  and  is 
dissolved  into  the  water  above  the  thermocline.  Coral  particles 
that  are  100  microns  in  diameter  would  sink  at  the  rate  of  ,30  to 
100  meters  per  hour|  these  viould  reach  the  thermocline  in  2  or  3 
hours  time  on  the  average  and  may  lose  much  of  their  radioactivity 
Both  the  measurements  made  at  CASTLE  and  by  the  Japanese  one  to 
tv;o  months  after  CASTLE  shovied  much  greater  concentration  of 
activity  above  the  thermocline  than  anywhere  else  in  the  via  ter 
column. 
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Vertical  mixing  is  inhibited  at  the  thermocline  due  to 
the  stability  associated  with  the  rapid  increase  in  density 
with  depth*  Vertical  mixing  requires  the  verticeil  movement 
of  parcels  of  water*  '.‘fhare  vertical  density  gradients  are 
great,  as  they  are  in  the  therraocline ,  these  movements  involve 
relatively  large  amounts  of  energy  and  are  therefore  less 
probable*  Jllxing,  therefore,  is  lesse3  In  the  opera*" 

tion  (deep  underwater  atomic  detonation  off  California)  radio¬ 
activity  was  materially  concentrated  in  thia  stratified  layers 
of  high  stability*  These  sheets  of  radioactive  water  had 
horizontal  dimensions  measured  in  miles  and  tens  of  miles  with 
vertical  thickness  of  only  a  few  meters  (except  above  the 
thermoeline)*  Contamination  existed  in  the  depth  of  the 
thermocline  and  below  it  at  .JIGWAM  because  it  was  introduced 
at  these  levels*  This  is  contrasted  with  fallout  which  Is 
spread  on  the  surface  and  remains  mostly  above  the  thermocline, 
but  a'IGWaIu  is  the  best  known  example  to  illustrate  the  degree 
of  stratification  of  waters  at  layers  of  high  stability* 

Computations  of  stability  have  been  made  for  the  data 
taken  on  the  HORIZOK^s  cruise  In  the  PPG  area*  Fig*  11  shows 
the  average  stability  of  the  most  stable  2?  meter  layer,  and 
Fig*  12  gives  the  depth  of  the  layer*  The  stability  values 


3*  Since  the  downward  penetration  of  radioactivity  in  solution 
in  the  water  is  very  slov;  at  the  thermocline,  submarines  may 
generally  avoid  vrater  with  high  activity  by  diving  into  the 
middle  of  the  thermocline*  Surface  vessels  may  obtain  rela¬ 
tively  clean  water  for  their  evaporators  by  pumping  water 
from  within  the  thermocline  depth  zone*  With  a  depressor  on 
the  end  of  a  water  line  the  latter  might  be  accomplished 
at  normal  speed*  (At  early  times  or  during  fallout,  clean 
water  undoubtedly  exists  in  a  ship® s  wake;  therefore,  a 
ship  probably  may  obtain  clean  v;ater  for  wash-down  by 
traveling  in  a  wide  circle,  or  by  following  another  vessel 
at  some  distance*  -  Isaacs*) 
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given  are  proportional  to  the  acceleration  a  mass  of  vjater 
would  have  if  it  were  displaced  vertically  a  distance  of  one 
meter.  The  greatest  stability  in  the  entire  area  is  just  south¬ 
west  of  Bikini  at  depths  of  75  to  125  meters#  A  spot  Just  west 
of  Eniwetok  Atoll  and  another  southwest  of  Taongi  Atoll  have 
nearly  as  great  maximum  stability  values.  The  stability  values 
appear  nearly  constant  (2500  to  3000)  over  the  areas  of  the 
main  streams  of  Equatorial  Current  water. 

Shoaler  on  the  south  than  on  the  north  side  of  the  area 
studied,  the  depth  of  the  25  meter  layer  of  highest  stability 
varies  from  50  to  100  meters  to  150  to  175  meters.  Its  depth, 
at  many  places,  is  Just  belov/  the  top  of  the  thermo  dine,  but 
in  other  places,  where^  temperature  decreases  v/ith  depth  slowly 
at  first,  it  is  nearer  the  middle  of  the  thermocline.  In  the 
latter  case,  radioactivity  may  be  expected  to  reach  this  depth 
after  some  period  of  time  (probably  within  a  fev;  days  to  a  few 
weeks). 

Fig.  13  shows  the  average  stability  for  the  upper  250  meter 
layer.  Time  for  penetration  of  dissolved  radioactivity  to  250 
meters  depth  is  a  function  of  this  quantity.  Small  values  at 
the  northvrest  corner  of  the  area  reflect  the  deep  thermocline 
there.  In  general,  the  magnitude  of  this  average  stability 
increases  from  north  to  south. 

In  the  very  deep  water  the  stability  remains  positive,  but 
it  decreases  slov;ly  to  very  near  zero  (Pig.  9)» 

3.5  WATER  MASSES  IN  THE  AREA 

Oceanographers  use  characteristics  of  the  water  to  define 
specific  water  types  as  the  aerologist  does  with  the  atmosphere. 
The  natural  mixing  of  a  number  of  specific  water  types  results 
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in  a  mass  of  water  that  can  be  recognized  by  its  characteris¬ 
tic  temperature  and  salinity  relation*  Water  masses  are 
named  after  oceanic  regions  where  they  are  formed  or  are  found* 
Further  mixing  between  two  or  more  water  masses  may  occur* 

By  comparing  the  horizontal  continuity  of  water  masses  present 
in  the  area  studied,  movement  of  water  into  the  area  may  be 
estimated* 

The  v/ater  masses  in  the  Pacific  were  named,  described, 
and  located  on  the  basis  of  the  relatively  sparse  data  taken 
in  this  ocean  before  about  19‘+0«,  Hence,  the  descriptions  and 
boundaries  are  somevmat  arbitrary,  and  the  characteristics  of 
a  v;ater  mass  are  accepted  as  varying  within  only  moderately 
well  defined  limits*  The  boundary  regions  contain  waters  of 
intermediate  types* 

The  water  masses  to  be  dealt  wdth  here  are  given  belov;* 
Except  for  the  last  one  listed,  they  are  found  in  the  upper 

•  )  i 

layers,  within  the  geographical  limits  specified* 

(1)  Pacific  Equatorial  Vfater,  extending  from  about 
2^  S  to  80  U  in  these  longitudes* 

(2)  Western  North  Pacific  Central  Water,  from  160® 

W  to  the  western  boundary  of  the  ocean,  and  from  about  8®  N  to 

^0°  K,  I 

(3)  North  Pacific  Intermediate  Water,  occurring  at 
depths  from  400  to  1200  meters  over  most  of  the  North  Pacific* 
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Water  in  the  wind -stirred  layer  and  dov/nward  to  about  the 
middle  of  the  thermoeline  has  features  representative  of  the 
local  area*  Due  to  the  action  of  surface  mechanisms  (solar 
radiation,  evaporation,  precipitation,  etc*)  the  characteristics 
of  this  water  are  in  between  that  of  the  Pacific  Equatorial  mass 
and  that  of  the  Western  North  Pacific  Central  water*  South  of 
the  latitude  of  Bikini,  this  water  mass  is  present  between  the 
surface  and  depths  of  150-200  meters j  it  appears  between  the 
surface  and  depths  of  200-265  meters  elsewhere  in  the  area 
studied,  except  on  the  northern  boundary  v/here  it  extends  to 
^20  meters  depth  (Depths  of  vjater  masses  at  each  location 
sampled  are  shown  in  Fig*  1^)* 

Beneath  the  upper  water  mass  a  layer  of  Western  North 
Pacific  Central  water  appears  at  nearlj''  every  location  sampled® 
This  layer  is  only  10  to  50  meters  thick  and  occurs  at  155  to 
2^5  meters  depth  near  Bikini  and  south  of  Bikini *s  latitude® 

From  there  it  submerges  with  northward  travel  to  depths  of 
265-^00  meters  and  becomes  80  to  150  meters  thick*  This  is 
consistent  with  the  fact  that  the  lighter,  and  tisually  warmer, 
surface  waters  move  to  the  right  of  the  current*  Piling  up 
on  the  north  side  of  the  area  they  cause  a  downward  displace¬ 
ment  of  water  already  present  as  revealed  by  lines  that 
delineate  their  characteristics* 

North  Pacific  Intermediate  water  Is  found  at  every  position 
v;here  sampling  was  done*  On  the  north  side  of  the  area  studied 
it  is  300  to  800  meters  thick  and  occurs  at  depths  of  to 
1200  meters*  It  thins  to  about  125  meters  thickness  in  the 
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latitude  of  Bikini  and  appears  at  220  to  400  meters  depth* 

On  the  south  side  of  the  area  studied;  the  layer  beeoines  about 
300  meters  thick  and  is  found  between  165  and  600  meters  depth. 
Eddying  and  meandering  of  the  current  kt  these  depths  in  the 


latitude  of  Bilslni  (Ref*  Pigs*  6D  and  is)  apparently  causes 
water  to  be  welled  upward  from  within  ihis  layer*  Thus  the 
layer  becomes  thinner  there  than  farther  south. 

Below  the  widespread  Horth  Pacifij)  Intermediate  -water  there 
are  spotty  appearances  of  Western  North  Pacific  Central  vrater 

,  ,  -  V  jl 

interspersed  between  laj'-ers  of  Pacific:  Equatorial  water* 
Locations  where  Western  Worth  Pacific  lientral  water  was  found 
are  north  of  Likiep  Atoll,  north  of  Rongerik  Atoll,  and  90  to 
130  miles  northwest  of  Bikini  Atoll*  .^It  may  appear  at  other 

I  ' 

locations  at  greater  depth  than  was  sampled).  All  three  are 
in  a  northv/est-southeast  line  and  apparently  ret^resent  a  former 


influx  of  deep  water  from  the  northwest  central  Pacifico  This 
tongue  appears  pinched  to  the  north  of  Ailinginae  Atoll  by 
inflow  of  the  Pacific  Equatorial  water  mass  of  particularly 


high  salinity  from  south  of  Rongeiap  Atoll  to  about  120  miles 
north  of  Ailinginae  Atoll,  The  latter  flow  is  within  the  east¬ 
ern  part  of  the  Bikini  eddy  as  shown  in  Fig,  6E, 

Pacific  Equatorial  water  is  also  found  at  all  other 
locations  where  samples  w'ere  taken.  It  appears  at  all  depths 
below  about  350  to  400  meters  in  the  latitude  of  Bikini,'  below 
to  600  meters  depth  on  the  south  side  of  the  area  studied 
and  beiovr  700  to  1200  meters  depth  on  the  north  boundary  of  the 
area.  By  continuity,  it  is  shoalest  in  the  latitude  of  Bikini 
where  it  moves  upward  to  replace  North  Pacific  Intermediate 
water  that  wells  toward  the  surface  within  the  great,  hori¬ 
zontal,  slowly  revolxang  eddy  there, 
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3^6  UNDERM^-TEB  SOUND  PROPAGmOK 

At  five  locations  on.  the  IIORIZON^s  cruise  5  temperature 
and  salinity  were  measured  to  depths  of  as  great  as  2^00  meters 
to  more  than  400" meters*  For  these  stations  computations  were 
made  of  the  speed  of  underwater  sound .At  all  locations  the 
sound  speed  profiles  from  top  to  bottom  were  very  similar 
except  In  the  depth  range  of  the  thermoelineo  Thus  5  sound 
speed  date  are  shown  plotted  only  for  one  station  as  an  ex&mpie 
(Fig.  9)e 

At  all  locations  the  speed  of  underx^rater  sound  is  nearly 
constant  abox?e  the  thermocline*  In  general,  conditions  are 
nov;  relatively  good  for  near-surface  propagation  of  underwater 
sound  in  the  PPG*  As  summer  progresses  and  the  trade  wind 
weakens  the  surface  will  be  viarmed*  Then  sound  speed  vd.ll  be 
greater  near  the  surface  than  elsexohere  below  it  and  more  sound 
energy  vd.il  refract  downv/ard  and  be  lost  from  the  layer  above 
the  thermocline©  Thus,  sound  propagation  conditions  in  upper 
vjaters  will  become  less  favorable* 

Commencing  at  the  top  of  the  thermocline,  sound  speed 
decreases  rapidly  v/ith  decreasing  temperature  (Figt,  9)*  It 
reaches  a  minimum,  generally  at  1000  to  1200  meters,  except 
at  one  location  vjhere  it  was  least,  at  8OO  meters*  This  mini¬ 
mum  is  the  asds  of  the  deep  SCFAPv  channel.  For  comparison,  off 
the  west  coast  of  the  United  States  this  minimum  is  found  at 
600  to  800  meters  depth. 

Below  the  miniraxjm  the  soxmd  speed  increases  with  depth. 

The  increase  is  very  slow  down  to  below  2000  meters*  Thus  any 
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part  of  the  area  less  than  about  1000  fathoms  \fa ter  depth  is 
bottom  limited  for  deep  water  soimd  propagation#  VJhere  depths 
are  2000  fathoms  or  greater  the  deep  water  propagation  is 
fairly  good*  It  is  not  as  good,  however,  as  off  the  west 
coast  of  the  United  States  v/here  the  speed  near  the  bottom  is 
more  nearly  equal  to  that  at  the  surface# 
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k.  CIRCULATION  IN  BIKINI  LAGOON 
' .  by 

.Donald  W,.  Pritchard 


Previbus  studies  of  Bikini  Lagoon.;  notlbly  those  by  Non  An: 
(1954)  and  Munk^  Evlng  and  HsTelle  (19^-9) ?  haire  established  the 
characteristic  circulation  patterns  and^  to  a  lesser  eztent,  the 
diffusion  rates  In  the  Lagoon.  Because  of  the  predominanhe  of 
the  BlvE  tradev^inds' during  winter 'and  spring  these  studies  deal  ,  / 
priEsartly  vith  the  circulation  pattern  associevted  with  moderate 
EBI£  winds..  Conditions  in  the  Lagoon  during  periods  of  light 
v.'ihds  or  cf  vrinds  trosk  the  southerly  Quarter  are  less  well  studied*. 

Field  studies  of  the  hydrography  of  Bikiril  Lagoon  were 
initiated  early  in  April  in  support  g?  present  i^eeipons  test  pro-'  . 
gram.  These  studies  support,  in  the  BSirAj  results  from  previous  . 
stt^dies..  Some  notable  differences  w'o  re  found,  and  these  -  will  be 
reported  in  the  body  of  this  repo^t^  Evidence  of  the  changes  ’ 
in  the  circulation  pattern  which  occurs  during  periods  of  light 
vjinds  are  also  presented.  Unforttuiately  during  this  initial  field 
study  there  were  no  periods  of  more  than  a  few  hours  ,du.raticn  in 
which  the  wind  had  a  southerly  component ,  and  sc-  the  circulation 
pattern  tmder  coiiditio.n£  cf  a  SE  to  S  Wind  could  not  be  studied; 
,4.1  GEISEAL  DISCUSSIOK  SP  NATBE  MO¥E?STf!rS  IK  BIKm  LAGOON  :  .  ;• 

■  .  Four  factors  contribute  to  the  circulation  of  the  v/a.tsrs  in 
Bikini  Lagoon*  ^  These  ares  (1)  direct  wind- induesfi,  eurrentsp 
(2)  Currents  associated  with  the  flo^e  of  water  over  the  windv;ard 
r-eefs  as  a  result  of  the  breaking  cf  vyaves  on  reef c,, 
eurrentst.  and  (4)  Currents  flowing  tferougn  isin^ru.  chara'rei. 


(1)  Tidal- 


Ad 


The  primarj''  paresseter  eoiitr-olling  the  circulation  pattern  in 
the  Lagoon  is  the  vrindo  V/lth  the  EKE  trade  wind  a  oellular  circu¬ 
lation  pattern  is  established  v;ith  surface  waters  floviing  across 
the  Lagoon  from  the  east  toward  the  vjestj  and  the  deeper  waters 
flowing  in  the  opposite  direction.  Wa^/es  breaking  on  the  windward 
reefs  produce  an  infliffl  of  vjater  into  the  Lagoon.  The  v;ave  energy 
actually  produces  &  water  level  over  the  reefs  which  is  about  i|- 
feet  above  that  prevailing  in  the  Lagoon.  This  head  of  W’itcr  pro¬ 
duces  &  flow  into  the  Lagoon  along  the  windward  reefs  which  has 
been  estimated  by  Yon  4rx  to  consist  of  about  685  Eillioa  cubic 


meters  per  day.  This  is  about  o 

stitutes  nearljr  1/3  of  the  volume  of 


f  the  Lagoon  volume s  and  con= 
the  new  water  added  to  the 


Lagoon  each  day.  ■  .  ' 

Some  of  the  westward  flowing  water  is  exhausted  across  the 
leeward  reefs,  and  through  the  leeward  passes  during  the  ebbing 
tidal  flow.  A  major  portion  of  the  surface  flow  can  not  be  so  ex¬ 
hausted,  and  sc  subsidence  occurs  in  the  western  end  of  the  Lagoon 
and  these  waters  return  tovrards  the  east  in  the  subsurface  layers  c 
Most  of  this  return  flew  upweils  along  the  eastern,  edge  of  the 
Lagoon  and  returns  v/estward  along  the  surface.  A  portion  of  the 
deeper  flew  is  diverted,  both  north  and  south,  into  two  secondary 


horisontal  cells,  producing  a  counter-clockwise  flow  in  the  north* 
ern  section  of  the  Lagoon  and.  e  clockvjiss  flowhin  the  southern 
section  of  the  Lagoon. 

Water  from  the  open  ocean  enters  the  Lagoon  through  Enyu 
C^hamiel  in,  a  westerly  flowing  current.  .This  flow  augments  the 
westerly  surface  flow  along  the  wide  mouth  cf  Inyu.  Channel,  and  a' 


large  portion  of  the  Eirture  anceipe-s  to  t’-ea  at  the  wsi?. tern  end 

of  the  channel.' 

liarlng  periods  of  southerlj''  or  sovith^oasterly  winds  the  fioi^ 
across  the  eastern  end  north-eastern  roefs  is  {greatly  reduced, 
the  major  inflov;  Is  then  through  Enjm  Chaiinelt  Any  prolonged 
period  of  such  winds  prohabiy  establishes  a  cellular  elrcule.tioa 
pattern  oriented  along  a  northwest- southeast  axis ^  In  the  central 
portion  of  the  Lagoon  a  retam.  flow  directed  towards  the  southeast 
would  exist  in  the  deeper  layers.  Secondary  horizontal  cells  are 
also  ^likely  to  exist. 

h„2  '  RBSUX^TS  OF  PEBSEl^l^  FIELD  STUDIES  • 

Currents  in  Bthlni  Lagoon  hate  been  studied  by  nteasureiaents 
made  from  an  anchored  vessel  and  by  tracking  drift  drogues.  Fig/ 
15  sViOW's  observations  taken  at  the  surface  and.  at  a  depth  of  10 
meters  (33  ft*:),  and  represents  the  flow  in  the  westward  moTirig: 
snrfe'.ce  layer.  Fig.  16  shows  observations  taken  in  the  deeper  : 
layers  at  depths  of  30  meters  (98  ft.)  and  4o  meters  (131  ft~)r 

PreriouG  investigators  have  reported  that  the  wind  induced 
surface  flow  in  the  Lagoon  is  directed  with  the  wind  at  a  velocity 
eouel  to  about  3^  of  the  wind  velocity..  These  previous  studies 
depended  to  a  large  extent  on  drift  poles  which  are  direetly 
irifiuenced  by  the  wind.  The  present  raeasurements  IndiCcate  that 
the  3^  figure  is  too  high.  Our  direct  obserx''at:lon£  from  an 
anchored  vessel  show’  that  the  surface  current  (actually  the  flov; 
in  the  upper  three  feet  of  the  water  colutm)  is  directed  at  about 
22*^  tc  the  right  of  the  wind  direction  and  at  a  speed  equaJ.  tc« 
l.>6^  of  the  wind  speedy  (using  an  ahemomater  Is’*/©!  of  30  fto). 
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At  five  meters  (16  ft,.)  the  average  deviation  to  the  right 
increases  to  26®  and  the  average  speed  decreases  to  IdS  of  the 
wind  speed*  During  the  period  of  ohservation  (early  April  through 
early  May)  the  average  wind  velocity  was  19® 5  knots  from  063®T*  \ 
The  average  surface  current  was  then  0*31  knots  towards  265*^a  and 
at  5  rasters  (16  ft*)  the  current  velocity  averaged  0*21  knots 
towards  269‘^^«'- 

'  The  easterly  flowing  current  in  the  deeper  layers  was  ohse^^’'ed 
to  he  much  slower  and  mor-e  variable  both  in  speed  and  direction 
than  the  surface  flow*  The  direct  measurements  from  an  anchored 
■vessel  gave  speeds  of  from  0*08  to  0*18  knots* 

.  These  speeds  are  somewhat  highor  than  those  given  hy  drift 
drogue  ohser-vations*  :■  ^ 

The  results  from  a  series  of  cui’x^ent  measureiiieiits  •taken  over 
a  five  hour  period  at  &.  location  near  the  center  of  the  Lagoon  are 
presented  here  to  indicate  the  characteristic  Slstrihivfcioa  of 
currents  with  depths  and  their  relationship  to  the  wind. i  In  Fig* 

17  the- currents  at  the  surface j  10  meters,  15  meters,,  20  meters, 

30  meters*  meters  and  50  meters  are  shown  as  vecto2“si  In 
addition  a  t'^ector-  eq^ial-  to  1/100  of  the  average  wind  velocity 
during  the  period  of  observation  Is  shov;n  for  e-osparisoh*  ;  .  ; 

In  addition  to  the  maasureisents  made  from,  an  sjaehofed  vessel, 
several  drift  drogues  were  released  near  the  center  of  the  Lagoon, , 
and  currents  at  the  surface  and  at  30  meters  determined  irrom  the 
observed  drifts*  The  vSiirface  droguefj,  vjhich  give  vel-ocities  repre** 
sentative  of  the  upper  ten  feet  of  the  vja ter  column's  compare  very - 
favorably  with  the  direct  Beasu';.''eEa8nts  made  from  the  anchored  snip* 
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The  aTerage  yeioeltjr  as  determined  from  the  drift  of;  the  s’ar-faee 
drogues  was  directed  ,2?^  te  the  right  of  tlis  ¥f.M.  direction  with 
a  speed  equal  to  l.S%  of  the  v;ind  speedc 

Fig,  l8  gives  the  current  T?ectcrs  as  determined  frcm  three  ... 
drift  drogues  set  at  30  meters  (98  ftc)  near  CC5CA  in  the  center  of 
the  Lagoon »  The  obserwatiGE.  made  on  2‘f-  April  was  diirihg  a  period 
of  very  light  winds  and  will  he  aiseuss£>d  below^  The  obs&rve^tions 
on  the  3rd  through  7th  of  were  taken  during  noz-mal  B'JfS  trade 
wind  conditions^  and  ehov;  the  eharaeteristic  easterly  movement  of 
the  deeper  waters c  The  speed  of  movement  of  the  deeper;  waters 
/would  appear  from  these  observations  to  be;  of  the  .order  of  0.02 
Imots—  considerably  icAfsr  than  lhdioa.ted  by  the  direat  measure-^ 
.ments  from  the  anchored  ship^-  ;  .  .  ;  ,  ' 

h„3  GOFDITICMS  DURIKO  PERIODS  OF  LIGHT  WIHDS 

During  the  two  day  periojd  25'-24  April  the  EJns  tro.d.e  v;inds  ; 
decreased  markedly  In  the  Bikini  area j  and  from  some  hours  were 
approximately  5  knots t  Drift  drogue  obsarv'at.lons  made  on.  the 
morning  of  2'4-  April  showed  vertu, ally  no  motion  ait '  the  siirfac-e  ..  and 
apparently  the  relationship  between 'v;lnd  velocity  suad  . surface 
current  no  longer  holSfk at  these  low  v'ind  velocities-  The  drogue 
at  30  meters  indtca tad  a' very  low  current  velocity  (leak  than  0.01 
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aG2'c*s£  the  wind'R-ard  reefs  arid  o'atfiou-  across  the  leevrard  reefs  , 
must  be  greativ  reduced,,  and  the  primary  exehange  of  vrater  with  . 
the  open  ocean  nrust  take  plaee  as  a  result  of  flow  through  Snyo. 
Channel  and  tidal  exchange  thr^ough  the-  southern,  arid  southwestern 
passes  ' 

■«iA  T-HS  EEHSW/iL  OF  WAfEE  BT  BIKIII  LiiGOOI  .  t 

fon  Ars  has  estimated  that  under  normal  trade, wind  conditions 
the  uarious  process  of  exchange  of  vxater  with  the  open. 
the  inflow  across  the  windward  reefs  and  the  outflow  across  the 
leeward,  reefs.:  the  flow  through  Enyu  Ghaunel  and  the  tidal  exchange 
€.t  tho  passes  will  lead  to  an  exchange  of  .the  vmtef  in  Biklnt 
.Lagoon  in  appi\or.tKateiy  days.  Our  c?bseruattons  at  stations, 
located  along  the  vrinaward  reefs  indicate  that  the  .inflow  aercss 
these  reefs  is  greatly  affected,  by  tidal  height,  luring " spririg 
tides  er;charige  of  water  by  this  mechanism  is  probably  significantly 
higher  than  during  neap  or  mean  tides.  Since  approxlm&telj''  1/3  of 
the  new  water  brought  into  the  Lagoon  each  day  comes  in  across  the 
reefs  j  .signifioa-rit  Variations  In  this  volume  of  Inflcw  will  markedl 
effe.ct  Ihe  exchange  time  for  the  Lagoon . 

Iraring  periods  of  light  winds ^  when  the  main  ceXIiilAr  elrcu3,a«- 
t ion  in  the  Lagocn  ccasest-  the  exchange  c-f  'watez-'  In  the  Lagoen  be- 
cos.e.s  veyy  .£low\  .  a  condition  vjould  also  tend  ,  to  rsduc'e  the 

X'ortical  exchange  and  since  most  of  the  inflow  and  outflow  occurs  . 
in  the  upper  10-20  raeters/the  rate  of  renewal  of  the  deeper  waters 
of  the  Lagoon,  vrovld  become  ai-iaoet  negligible  <■. 
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With  southerly  and  southeasterly  winds  most  of  the  inflow 
occurs  through  Enyu  Channel— the  inflow  across  the  windward  reefs 
becoming  negligible.  The  rate  of  renewal  of  Lagoon  water  in  this 
case  will  depend  on  the  wind  velocity,  and  will  be  limited  by  the 
amount  of  water  which  can  escape  across  the  northern  and  north¬ 
western  reefs.  The  exchange  time  for  southern  or  southeastem 
winds  is  estimated  at  between  60  and  iOO  days.  ; 

Table  6  gives  estimates  of  flow  into  and  out  of  Bikini  Lagoon, 
for  normal  trade  wind  conditions.  The  major  influx  and  outflow  of 
waters  Into  and  out  of  tho  Lagoon  takes  place  through  the  south  and 
southwestern  passes  and  cliannels.  However,  this  flow  is  primarily 
tidal  in  nature,  and  the  ;Bajority  of  new  sea  water  carried  into  the 
Lagoon  through  these  pasr.ss  and  channels  on  the  flooding  tide  is 
withdrawn  from  the  Lagooix  on  the  succeeding  ebb  fioi-r.  As  a  result, 
the  major  source  of  nev  water  for  the  flushing  of  the  Lagoon  is  the 
flow  across  the  windward  reefs. 
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TABLE  6 

Estimate  of  Flov;  Into  and  Out  of  Bikini  Lagoon 
For  the  Trad©  Wind  Season 
(/  s  Inflow j  =  »  Outflow) 


Location 

folume 
(During 
of  the 

in  millions  of 
designated  stage 
tide)  ■ 

Net  Transport 
(millions  of 
sji/dasr) 

(6«3  hrs) 

(5«7  hrs) 

Eastern  and 
Northern  Reefj 

) 

0  7<I87 

?a63 

?^00 

Western 

Reefs 

J 

)  “  '53 

/  19 

<m  58 

Enyn 

Channel 

)  -  ko 

•=  2.^ 

-130 

Rukoji 

Pass 

) 

)  -  97 

/  82 

-  30 

Southwest 

Channels 

) 

)  ”6l6 

/380 

-Jf  72 

53 


DRAFT 

MOVEMENT  AND  FLUSHING  QF‘  RADIOACTIVE  CONTAMINATED  WATER  IN  THE  LAGOON 

The  initial  short-range  distribution  of  residusil  radiation 
which  will  exist  following  the  test  shots  cannot  be  predicted  with  v 
eerteinty^  In  order  to  indicate  the  likely  effects  of  the  circula¬ 
tion  pattern  on  the  time  changes  in  the  pattern  of  water-borne 
radioactivity  in  the  Lagoon 5  use  is  made  of  certain  generalised 
features  of  assumed  initial  patterns  of  distribution. 

HIGH  AIR  BURST 

The  initial  pattern  of  radioactive  contamination  in  the 
Lagoon  waters  is  assumed  to  be  a  relatively  uniforms  low-level 
and  wide -spread  distribution  in  the  surface  waters  of  the  Lagoon. 

The  highest  concentrations  are  assumed  to  occur  in  the  RW  quarter 
of  the  Lagoon. 

Under  normal  trade  wind  conditions  the  surface  currents 
will  carry  the  radioactive  contaminated  water  in  a  WSd-  direction. 

At  the  same  time  the  contamination  will  rapidly  be  mixed  vertically 5 
and  become  distributed  throughout-  the  water  column  in  approximately 
12  ho'arsc 

The  speed  of  drift  of  the  contaminated  surface  waters  would 
be  about  0i-3  knots,  directed  towards  the  VISR  ijnder  conditions  of 
the  normal  trade  winds.  Thus,  Gontaminatton  originating  ^ust  in¬ 
side  the  Lagoon  at  a  point  off  CHAHLIl  (Namu)  v/oulc  reach  the- 
western  reefs  in  approximately  2?  hours.  About  10^  of  the  con^ 
taminated  surface  waters  will  be  discharged  over  the  v^restern  reefs 
at  this  time.  The  remainder  will  enter  the  return  flow  in  the  sub¬ 
surface  layers  and  be  carried  eastward,  towards  NAN  (Em’Ui)  and  HCM 
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(Bikini) s  at  a  speed  of  about  0o07  knots*  During  tbe  10  to  12 
days  of  travel  required  to  carry  the  contaminated  yj&ter  from  the 
area  of  subsidence  in  the  western  end  of  the  Lagoon  to  the  area 
of  upweliing  in  the  eastern  end  of  the  Lagoon,  T^rtical  mixing 
will  continue  to  return  a  portion  of  the  contaminated  water  into 
the  westward  flowing  surface  layer,  from  which  a  portion  will  be 
continuously  discharged  from  the  Lagoon  over  the  western  reefs 
and  through  the  southwestern  passes^ 

She  leading  edge  of  the  subsurface,  eastward  moving  mass  of 
contaminated  water  will  continually  be  moving  under  ’^'clean**  sur¬ 
face  water,  and  the  vertical,  mlsing  of  the  contamlDation  into 
the ' westward  moving  surface  layers  will  effectively  erode  away 
the  leading  edge,  so  that  the  progress  of  the  radioactive  material 
toward  the  eastern  end  of  the  Lagoon  will  be  materially  less  than 
the  actual  eastward  drift  of  the  subsurface  waters*  By  the  time 
the  contaminated  water  mass  reached  the  eastern  end  of  the  Lagoon, 
the  concentration  of  radioactivity  will  be  quite  low* 

GROOKD  SECT  (ZUHX) 

It  is  here  assumed  that  ZUI^I  test  will  result  in  the  form¬ 
ation  of  a  crater*  some  2000  feet  In  radius  and  150  feet  deep*  Such 
a  crater  will  break  through  the  reef  at  the  western  end  of  TARS 
(Eninman)  on  three  sides-- that  is,  on  the  Lagoon  side,  the  ocean 
side,  and  towards  the  channel  between  TARE  and  HSICIjE  (Sniirikku)o 
The  sill  depths  on  the  Lagoon  and  ocean,  sides  of  the  crater  will  be 
approxissately  50  ft  below  sea  level*  The  shot  will  thus  create  a 
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aev  channel  between  the  open  see  and  the  Lagoon 

Tidal  cunrente,,  upon  which  will  be  added  a  net  outflow  from 
the  wind,  drift  within  the  Lagoon will  occur  in  the  new  channel » 
Flood  velocities  of  approximatelj  0<.3  and  ebb  *veici£ities 

of  about  OV'6  knot  will  result  c  During  periods  of  large  ’  tidal 
ranges  (0-6  ftt.)  these  current  velocities  ma^  be  expected  to  about 
double  in  magnitude  e  The  infliisncs  of  the  tidal  eurrents  shou3.d 
be  felt  for  a  distance  of  about  .  30G0  srards  inside  the  Lagoon*  1  ,  ,  v 
Within  this  distance  the  predoEiiriaat  westerly  current ^  wfeieh  flows, 
parallel  to  the  reefs  along  TARE,  and  ITKCLS,  will  be  bowed  In  and 
out  by  flood  and  ebb  of  the  tide^.  Th©  ebb  current  will  ■  set  toward 
the  ^  and  the  flood  current  toward  the  ITWc  ■ 

It  is  assuffied  that  the  Z<Uf5I  test  will  pronucc  hlghly  radio~ 
aetlve  contaminated  water  in  a  large  segment  of  the  South-central 
portion  of  the  Lagoon «  Here  the  prbbable  drift  and.  spread  of  the 
very  highly  eon  taminated  water-  ccntained  Initisdly  vjithin  a  one  mile 
radius  of  point  sero  is  considered^,  fhr  converrience  we  will  design-, 
ate  this  voluna  of  radioactive  water  ao  *^"ro3.u!3e  A'h,. 

The  drift  of  this  mass  of  ccniarrdnated  water  will  4® pend  to  a 
large  e3:te-nt  on  the  stage  cf  the  tide  at  the  the  shot If 

the  shot  oocuT'S  between  high  tide  ax'.cl  high  tide '  pl7.?.s  three  hc'arsj. 
the  prevailing  Southwest  currents  will  carry  out  of  .the  :Lagooh  about 
;80^' of  ‘Volmse  '  *  .  .  .  t  ■  .  • 

With  the  turn  of  the  tide  tc  flcod  just  after  low  tide  oocursy, 
:th8  remaining  contaminated  ms.ss  of  v'ater  vjill  be  carried  into  the  . 
lagoon* , '  Fery  little  of  the  radioactive  contamination  wnich  escaped 


from  the  Lagoon  on  the  ebhing  tide  will  return  oh  the . snOeeedlng 
flood  c;  V' ;■"  :j: 

:  'The  20^  of  the  original  highly  eontaminated  mass  which  rc«“ : 

mained  in  the  Lagoon  will  be  swept  MM  along  the  Southern  side  of 
the  Lagoon  at  a  speed  of  about  0»2  knot  arriving  in.  the  vicinity 
of  Rukoji  channel  in  approxiiaately  iS  hours «  Here  ‘about'  50^  of 
this  remaining  segment  of  "volume  I’V.wlil  foe  swept  ou.t  of  the  . 
Lagoon  through  Rukoji  Ghamibl  by  the  prevailing ‘©fob  flowc  jT{jXi.$} 
onlj'  10%  of  'H'oium©  A"  rsmaliis  in  the  l£goo.ti  after  hours  sub-  ' 
sequent  tc  shot  time,. 

This  remaining  segment  will  os  carried  acrthward  and  then 
eastwai'd  in  the  subsurface  return  flow.  The  vertical  mixing.^ 
coupled  with  the  x^ertlcal  shear  in  the  horlzontai  currents j.  will 
result  in  a  spread  of  the  area  of  eoatamination  at  a  rate  roughly 
proportional  to  the  first  power  of  timet,  and  a  consequent  decrease 
in  concentration  inversely  proportional  to  the  first  power  of  time 
This  relationship  will  no  longer  hold  when,  the  sise  of  the  con-  ; 
tamina ted  area  becomes  a  significant  fraotio,h  of  the  size  of  the'  , 
lagoon  5  since  the  lateral  boundaries  will  then  be  come  Important.., 

The  subsurface  flow  of  about  0«07  i^not  directecv  to-ward  the 
east  will  carry  the  .re nmining  contamination  of  "volume  A"  to  the 
region  of  upweiling  along  the  section  of  the  ea.stern  reefs 

in  about  ten  days*.  A,fter  this  time  the  ■  contaEination  will  . be 
relatively  uniforsi  throughout  the  lagoon..  .'i:’ 

,  If  the  test  should  occui^  at-  iovf  tide,,  or  in  the  four  hour 
period  Just  after  low  tide.;  the 'majority  of  the ;  cctitamlriated  water 


of  A”'  will  be  carried  trito  the  Lagoon  witli  the  flooding  :  v 

icm'rentl  'This  w’lil  be  trae,,  particularly*  If  the  test  oeeiirs 
duriag  a  period  of  large  tidal  ranges  *  Because  of  the  -westerly  , 
set  to  the  currents  in  the  lagoon  along  the  (Slnlmaari- 

Er^rlliku)  ,  boundary  5  meh.  of  this  contasainated  vater  vrill  be  moved 
westward  and  wriil  not  be  available  to  be  carried  out-  to  sea  on  the  : 
subsequent  ebb  tide  t  After  the  fi!rst  eight  hours  approKlsitely 
65^  of  nhe  initial  ’-volunie  1'^  vrill  be  within  the  Lagoon*  About 
‘h0%  of  thi  s  remaining  segment  of  ''\roiumo  A't  v^'lll  be  di a  charged 
from  the  Lagoon  at  Paiko^il  charmel.;  the  remaining  39/^‘  of  the  original 
volume  A'i  being  carried,  slowly  northwestx^ard  and  then  eastward  by 
the  subsurface  current..  Subsequent  moT/einents  would  pspallel  -those 
described  above  for  the  case  of  a  shot  time  close  to  'MiO  time  of 
.hlgh'tide^ 

; This  discussion  has  been  concerned  with  the  mdrersarit  Of  the  ■  . 
very  highly  contaminated  volume  w^hich  initially  would  occur  viithin 
a  one  mile  radius  of  point  sere-...  A; much  larger  area  ,i;a  the  south-  . 
ceDtral  section  of  the  l&nopn  will  be  highly  contaminated.,  ’  Because  V 
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Assuming  the  maderate  EbE  tzacie  v^inds  occur  duriri,g .  and  for  some 
vjeehs  after  the  test j,  it  is  estimated  that  20^  of  the  con- 

tarsinsted  waters  in  the  lagoon  will  be  fltishefi  from  tne  lagoon  m 
: the  -first  2k  hours.  During  the  ne3^t  fiLll  -day  ao?^’  of  the  reiHalning  : 
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eontamination  vfill  be  discharged  from  the  Lagoon,  smd  for  the 
following  three  days  it  is  estimated  the  flushing  rate  would  be 
10^  per  day»  From  the  sisth  to  the  10th  day  after  the.  test 
approximately  55^  per  day  of  the  remaining  contamination  will  be 
flushed  from  the  Lagoon,  and  subsequent  to  the  tenth  day  the 
flushing  rate  is  estimated  at  per  day. 

conditions  505^  of  the  Initial  contamination 
carried  by  the  waters  in  the  Lagoon  will  be  flushed  out  of  the 
Lagoon  by  the  fifth  day  following  the  blast.  By  the  tenth  day 
only  305^  of  the  contamination  will  still  be  In  the  lagoon  waters. 
These  figures  involve  only  the  natural  flushing  of  the  contami» 
nated  waters.  Radioactive  decay  rates  have  not  been  included 
here. 

Shohld  the  prevailing  winds  ^ust  after  the  shot  be  from  the 
SE,  the  flushing  of  the  contaminated  vrater  from  the  Lagoon  would 
be  at  a  much  slower  rate  than  indicated  above.  The  maxinrom  con¬ 
centrations  of  weapon  debris  in  the  upi/eliing  waters  of  the  KM 
(Bnyu)  anchorage  area  vTouid  occur  about  five  to  sevem  days  after 
the  shot,  and  be  an  order  of  magnitude  higher  than  vrouid  prevail 
under  ENS  trade  wind  conditions. 

BARGE  SHOTS 

The  location  of  the  proposed  barge  shots,  In  the  area  south 
of  FOX  (Romuriklai) ,  is  not  conducive  to  rapid  flushing  of  the 
water  bom  radioactive  contamination.  The  currents  in  the  surface 
layers  will  require  about  three  days  to  carry  the  contaminated 
water  from  the  vicinity  of  the  blast  to  the  leeward  reefs  and 
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southeastern  passes,  ^ring  this  period  vertical  mixing  will 
introduce  significant  amounts  of  activity  into  the  deeper  layers 
vhich  are  flowing  eastward.  The  upwelling  water  in.  the  vicinity 
of  H(3(?  (Bikini)  will  contain  radioactive  contamination  about 
five  days  after  the  shotj  and  this  contamination  would  reach  the 
RAH  (Bnyu)  anchorage  area  about  sis  days  after  the  shot.  By 
this  time  the  contamination  will  b©  distributed  over  a  wide  area 5 
and  no  local  spots  of  high  activity  should  be  found, 

MFA7QRABI.E  WIRD  CONDITIQRS 

Should  the  wind  blow  with  a  westerly  component 5  iismediately 
subsequent  to  either  2tTRI  or  one  of  the  barge  shots 5.  highly  con¬ 
taminated  water  could  be  carried  by  the  easterly  setting  surface 
currents  to  the  eastern  end  of  the  Lagoon,  High  activity  could 
be  expected  to  occur  in  the  waters  of  the  RAR  (Enyu)  anchorage 
for  an  extended  period  should  the  westerly  winds  prei^ail .  Moderate 
to  strong  westerlies  seldom  occur  in  Bikini  Lagoon,  and  would  most 
likely  be  associated  with  a  typhoon  passing  to  the  north  of  the 
Atoll, 


RBFEREKCSS 


Folsom,  R*  and  I..  Werner,  1955- 

Final  report,  Project  2^7,  CASTLE,  6 5p-  (SECRET-RESTRICTED  DATA) 
Cordon,  A.  R.  Jr.  1956’ 

Digest  of  Oceanographic  Data  for  the  Marshall  Islands  Area. 

37p- 

Japanese  Fishery  Agency  Research  Departs©nt,  1955 

Reports  of  imrestigatlons  of  the  effects  of  radioactivity  in 
the  Bikini  area  (first  collection).  Tokyo.  I91p- 
ELeln,  H.  T.,  1955-  , 

A  new  technique  for  processing  physical  oceanographical  data. 

15^  p.  M.S«  to  be  published  in  Journal  cf  Marine  Research. 
LaFond,  E.  C.  1951* 

Processing  oceanographic  data.  R»0.  Pub.  Ho.  -Si-’-?-.  U.S. 

Navy  Hydrographic  Office,  Washington  D.C.  il4  p. 

Mao,  Han-Lee  and  E.  Yoshida.  1955- 

Physical  oceanography  in  the  J&irshall  Islands  area.  U.S. 
Geological  Survey  Professional  Paper  260-R.  V/ashihgton  D.C. 
Miyake 5  I.,  Y.  Sugiura  and  E.  Kameda.  1955 

On  the  distribution  of  radioactivity  in  the  sea  around  Bikini 
Atcll  in  Jime,  195^-  Bulletin,  Meteorological  Research 
Institute,  ¥oi  ?,  Ho.  Tokyo.  pp253-“262. 

?tok,  W.  E.,  G.  Co  Ewing  and  R.  Pt.  Eevelle,  (19^9) 

Diffusion  in  Bikini  Lagoon.  Trans..  American  Geophysical  Union. 
Vol.  30,  Ho.  Ic 

6l 


/ 


DRAFT 

Revelle,  Roger.  19^6. 

Report  of  the  coordinator  of  ocea^nographys  Enelosiire  F. 
CROSSROADS.  l44  p.  (CONFIDEmAL-RESTRICTED  DATA) 

Revelle,  R« ,  T.  R.  Folsom,  B.  D.  Goldberg  and  J.  D.  Isaaes.  1955- 
Nuclear  science  and  oceanography.  International  Conference 
on  the  Peaceful  Uses  of  Atomic  Energy.  22p. 

Robinson,  M.  1954, 

Sea  temperatures  in  the  Marshall  Islands  Areac  D.S, 
Geological  Survey  Professional  Paper  260-D,  V/ashington,  D.G. 
pp.  28l~291* 

Sverdrup,  K.  U. ,  M.  W.  Johnson  and  R.  PI.  Fleming.  1942, 

The  Oceans;  their  physics,  chemistry  and  general  biology. 
Prentice»Hall  Ine,,  New  York,  IO87  p« 

Ton  Arx,  Williara  S.  1954 

Circulation  Systems  of  Bikini  and  Rongerlap  Lagoons.  D.S. 
Geological  Survey  Professional  Paper  260“Bo  Vlashington,  D.C. 

pp.  265-273® 


62 


DRAFT 


DISTRIBUTION 


Ree_ii?lgat 

CJTF 

A.  Ro  Gordon^  Jr» 

4i 

CTG  7.1 

4=6 

LCDR  Karge 

42 

CTG  7o3 

7-9 

Btc  Shelton 

43 

CTG  7  ok 

10-12 

LCDR  Waters 

44 

CTU  7olc3 

I5“i7 

SIO 

PROG »  2 

18-21 

Director  ' 

45 

SILVERSTEIN 

22 

Library 

46 

SIOUX 

CM 

.  Physc  Oseanogro  , 

47-48 

MO  GINTI 

24 

ONR  Repo 

49 

YAG  39 

25 

AFSWP,  Wash. 

50-51 

YAG  40 

26 

OWRj  Wash. 

52-53 

LST  611 

27 

HORIZON 

28 

PROJ.  2 063 

29-33 

PROJ.  2o62 

Focke 

34 

Her re r 

35 

Isa&os 

36  , 

Jennings 

37 

Martin 

38 

Pritchard 

39  '  ■ 

Wlsner 

4o 

63 


POSITION  OF  OBSPRYATIONS 


ORAFr 


_  -5 


% 


>~r 

>  ^ 

C.  tL 

H:  'C 

«£:  ^ 
^  Ui 

I  5 

<  Dt 

c£) 


csr^ 

u 

\l 


'IS  : 

' 

4 

b. 

?: 

\f\ 

•i^. 

1^ 

»4S 

r 

^  ' 

t  Vft 

H 

^  \ir 

ST 

\52;.  a 

’B  a 

5 

v> 

PI 

^eix  '  * 

a'a  o 

i«  n 

„  o  ®> 
0  ^  c^ 

fp  i. 

c>c:a 

Ui 

c  :■ 

f""-^ 

io 


^1 


0 


0 


V-/  ^ 


L  § 

I  5b 


s  Cj 


e-'^ 


O  JE 


O-. 

in 


r 


? 

S 

«■ 

<7 

u 

0 


9* 

■Oil 

€l 

C?^ 

o 
-51 


•Vf 

tTi 

<> 


V> 

£  ? 

^.s 

r 


\) 


ro 

c:\ 

-  m 

.-\  o 

CD 


S‘r>/  '■ 

f|tit 


**  t! 

«8  * 


Vs®  3 

o 

0'''^ 


vf:- 


O 

’=^ 


, 


o 

t< 


iw3ftUioCl'Xir’. 


e 


o 


Le'veie  of  RaSioastiri'^y  Fouafi  is  a  Sn&imnt  Core 
ia  ihe  Baoifle  ircrriEg  (^ounde 
35»  K,  164  32*  E. 

11  April  1956 


PRAFT 


SPBPJP  OF 


DH/{FT 


SL  iV/ 


mAFT 


PIRBCnON  ANP  SPEED  OF 

CV  ARE  NTS  AT  /SO  /JETERS 
PEPTH 


jijvm 


DIRBCriOhf  AND  5P£BD  OF 
CURRENTS  AT  ISO  /^FTFHS 
p£PTH 


vr  M*  /67*  ti>8*  m' 

Dm£CT\OtJ  Am  SP££D  OF 
Currents  at  soo  misRs 

PERTH 


jjvh/a 


URFAC£  T£MPfcF?A.rURE' 


DmfT 


AVeHAG^  TBhP£KATOfi£('}lh/  UPPeH  AOO  mptbrs  pbpth 


PRhFT 


4-  -4 


4-  4- 


Si 

fe  QO  '  ^  •(*“’ 

t 

S  . 


.  o 

\o^  •  • 


4-  +■ 


4  4“ 


•r  -  w 


«  o 


/ 

,•+-  : 

<i 

/  4- 

A 

*1* 

jb*  - 
9 

^  . 

"p 

’•■f  . 

4 

4* 

■  . 

4  ■ 

•4 

7V7>^L 


THERMOGLIN 
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